Introduction
Excessive alcohol intake is a well-known risk factor of cardiovascular (CV) morbidity and mortality. 1, 2 Previous studies have reported that long-term heavy drinking is associated with alcoholic cardiomyopathy (ACM), 3, 4 left ventricular hypertrophy (LVH) 5 and left ventricular diastolic (LVD) dysfunction. 6 However, the influence of low to moderate alcohol consumption on heart is still controversial. While some studies reported that low-volume alcohol consumption decreased the CV risk, [7] [8] [9] [10] other studies indicated non-beneficial effect of lowvolume alcohol on CV morbidity and mortality. [11] [12] [13] In particular, there is only limited information about the association between alcohol consumption and subclinical LV structural and functional abnormality. Although several studies showed the adverse effect of heavy alcohol consumption on LV function and structure, [3] [4] [5] [6] 14 it is not clearly identified how much alcohol consumption actually
increases the risk for subclinical LV structural and functional abnormality.
LV structural and functional abnormality has a clinical significance as a precursor of future CV morbidity and mortality even in asymptomatic individual with normal ejection fraction. [15] [16] [17] Moreover, substantial portion of people with subclinical LV abnormality is expected to progress to overt heart failure. Thus, evaluating the association between alcohol consumption and subclinical LV abnormality is helpful to understand the pathogenesis of CV diseases related to alcohol intake. The aim of this study is to assess the effect of alcohol on LV structure and diastolic function according to the amount of alcohol intake in general Korean population with preserved LV systolic function.
Methods

Study design and population
We conducted a cross sectional study to investigate the association between alcohol consumption and subclinical LV structural and functional abnormality. Relevant clinical and echocardiographic data were obtained from Kangbuk Samsung Health Study (KSHS). Study participants were comprised of Korean men and women undergoing a medical health check-up at the Health Promotion Center of Kangbuk Samsung Hospital, Sungkyunkwan University. Amongst individuals in the original study, 55 214 had received at least 1 echocardiogram including tissue Doppler echocardiography (TDI) between January 2013 and December 2014.
Among the 55 214 individuals, 5500 were excluded for various reasons. One hundred sixty-one had an arrhythmia such as atrial fibrillation, AV block and tachycardia; 58 had a systolic LV dysfunction [ejection fraction (EF) < _ 50%]; 1448 had a history of cancer; 1017 had a serious medical condition such as asthma, chronic obstructive pulmonary disease (COPD) and chronic renal failure (CRF, serum creatinine > 2 mg/dL); 386 had a history of MI or angina; and 2430 were excluded for missing or incomplete alcohol questionnaire data. Finally, the total number of eligible participants was 49 714 (Figure 1) . Ethics approvals for the study protocol and analysis of the data were obtained from the institutional review board of Kangbuk Samsung Hospital. Informed consent was not required because we only assessed retrospective data without personal identifying information.
Clinical and laboratory measurements
Study data included medical history assessed by self-administered questionnaire, anthropometric measurements, and laboratory measurements. All study participants were asked to respond to a health-related behaviour questionnaire, which included the topics of alcohol consumption, smoking, and exercise. The degree of physical activity was evaluated by the Korean-validated version of the International Physical Activity Questionnaire (IPAQ) and classified into three categories [inactive, minimally active, and health-enhancing physically active (HEPA)]. 18 Diabetes mellitus was defined as fasting serum glucose level of at least 126 mg/dL, or serum HbA1c level of at least 6.5%, a prior diagnosis of diabetes, or the current use of any blood glucose-lowering medications.
Hypertension was defined as a prior diagnosis of hypertension (including the current use of any antihypertensive medications) or having a 
. The waist circumference (WC) was measured in the standing position, at the level of umbilicus by a single examiner.
Blood samples were collected after more than 12 h of fasting and were drawn from an antecubital vein. The fasting serum glucose was measured using the hexokinase method. Total cholesterol and triglyceride were measured using enzymatic colorimetric tests, low-density lipoprotein cholesterol was measured using the homogeneous enzymatic colorimetric test, and high-density lipoprotein (HDL) cholesterol was measured using the selective inhibition method (Advia 1650 Autoanalyzer, Bayer Diagnostics; Leverkusen, Germany). The presence of dyslipidaemia was defined as individuals with one of the following: total cholesterol > _ 240 mg/dL, triglyceride > _ 200 mg/dL, and HDL cholesterol <60 mg/dL. 19 Fasting insulin concentration was measured by immunoradiometric assay (Biosource, Nivelles, Belgium), and hemoglobin A1c (Hba1c) was measured using an immunoturbidimetric assay with a Cobra Integra 800 automatic analyser (Roche Diagnostics, Basel,Switzerland). High sensitivity C-reactive protein (hsCRP) was analysed by particle-enhanced immunonephelometry with the BNII System (Dade Behring, Marburg, Germany).
Alcohol consumption measurements
Alcohol consumption and frequency assessed by self-administered questionnaire. All participants were asked to answer question about their average drinking frequency (days per week or days per month) and amount (drinks). The type of alcoholic beverage (soju, bear, Korean rice wine, refined rice wine, wine, liquor, fruit wine, and other alcoholic beverage) was also asked. The average frequency and amount of alcohol intake converted into daily alcohol use (g/day) according to the type of alcoholic beverage. For the analysis, all participants were categorized into 6 groups according to the average alcohol use; non-drinker (lifetime never drinker), occasional drinker (<1 g/day), light drinker (1< _ and <15 g/day), moderate drinker (15< _ and <30 g/day), heavy drinker (30< _ and <60 g/day), and very heavy drinker (>60 g/day) in all and male participants. Female subgroup was classified into five groups excluding very heavy drinker group because the number of very heavy drinker was too small in female.
Echocardiographic data
The LV function and structure of the study participants evaluated by 2D transthoracic echocardiography with a 4-MHz, sector-type transducer probe (Vivid 7; GE, Milwaukee and E9; GE, Milwaukee). All echocardiography was performed by a trained and registered sonographer following a standardized protocol. 20, 21 Images from standard parasternal long-and short-axis views were digitally stored and reviewed. Left ventricular enddiastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD), interventricular septum thickness (IVST), and posterior LV wall thickness (PWT) were routinely measured in all participants. LV mass was calculated with following formula: LV mass = 0.8
]} þ 0.6 g, 20 and indexed for body surface area (BSA); LV end systolic volume (LVESV), and LV end diastolic volume calculated by following formula:
; Calculation of relative wall thickness (RWT) by the formula, (2 Â PWT)/LVEDD and increased RWT defined as RWT > 0. 42 . Population with LVH defined as LV mass index > _ 115 in male or > _ 95 in female. 20 Increased E/e 0 ratio is defined as E/e 0 > 15.
Deceleration time was measured by pulsed wave Doppler in the apical four-chamber view. Peak velocities of the early (E) and late (A) phases of the mitral inflow were also measured and their ratio (E/A) was calculated. LV myocardial velocities were evaluated by TDI. The peak early diastolic (e 0 ) and late diastolic (a 0 ) velocities were measured at the level of the septal mitral valve annulus. Participants with impaired left ventricular diastolic (LVD) function defined as septal e' velocity less than 8 cm/s, and increased E/e 0 ratio is defined as E/e 0 > 15. 21 
Statistical analyses
All participants were categorized into six groups (non, occasional, mild, moderate, heavy, and very heavy drinker). Data are presented as means ± standard deviation within alcohol consumption groups for continuous variables and as proportions for categorical variables. To test linear trends of variables across the ordinal values of drinking status, linear regression model was used for continuous variables and CochranArmitage trend test was used for categorical variable.
The odd ratios (OR) of increased RWT (LV remodelling), LVH, and impaired LV diastolic function were calculated using the stepwise logistic regression analysis. After checking multicollinearity, selected variables were enrolled into the adjusting covariates of multiple logistic regression analysis. The covariates of the adjusted model are age, sex, physical activity (IPAQ), smoking, BMI, HDL cholesterol, total cholesterol, diabetes, and hypertension.
The adjusted mean values of echocardiograph parameter including septal e 0 velocity, ratio of E/e 0 , E/A ratio, LV mass, LVMI, and RWT were used to examine the differences of the echocardiographic parameters according to the alcohol consumption category. We also analysed the ORs of increased RWT (LV remodelling) and LVH and adjusted mean values of the LV diastolic function, and structure in gender subgroups. All statistical analyses were performed using R 3.2.4 (R Foundation for Statistical Computing, Vienna, Austria). Statistically significance was considered as P-values <0. 05 .
Result Clinical characteristics of study population
The clinical characteristics of the study participants are listed in Table 1 . A total of 49 714 participants consisted of 35 876 men and 13 838 women, but the proportion of non-drinker was greater in female (74.9%) than male (25.1%). The mean age of the study participants was 40.4 ± 8.9 years, and the average age of study participants was highest (44.0 ± 9.9) in non-drinker group. The metabolic parameters like total cholesterol, triglyceride, BMI, WC, DBP tended to increase in proportion to alcohol consumption from occasional drinker to very heavy drinker group. However, non-drinker group had the higher SBP, HEPA, prevalence of diabetes and hypertension than occasional and light drinker group, which indicates a U-shaped pattern of relationship between alcohol consumption and these variables (see Supplementary data online, Figure S1 ). The proportions of LV structural abnormalities like LVH and increased RWT were comparatively lower than that of impaired LVD function over all groups. The physical activity was more vigorous in groups over moderate alcohol drinking than groups below mild alcohol drinking.
General echocardiographic characteristics
The echocardiographic parameters related to general LV function and structure were shown in Table 2 . Increased alcohol consumption was associated with larger LV dimensional parameters such as LVEDD, LVESD, LVEDV, and LVESV from occasional drinker group to very heavy drinker group. Additionally, the echocardiographic parameters reflecting LVD function and structure showed similar tendency. Compared to occasional and light drinker groups, heavy and very heavy drinker groups had the higher E/e 0 ratio, the lower E/A ratio and septal e 0 velocity.
The proportion of increased RWT and impaired LVD increased in proportion to alcohol consumption from occasional drinker group to very heavy drinker group. However, comparing nondrinker group to occasional drinker group, most echocardiographic parameters were more unfavourable in non-drinker group than occasional drinker group. Especially, the proportion of increased E/e 0 ratio, LVH, increased RWT, and impaired LVD function were higher in non-drinker group than occasional drinker group, which indicates a U-shaped pattern of relationship between alcohol consumption and LV structural and functional abnormality (see Supplementary data online, Figure S2 ). Number of participants with increased E/e 0 ratio (>15) was 86 and nondrinker group had the highest proportion (0.9%) of increased E/ e' ratio.
LV diastolic function and structure according to alcohol intake
The multiple logistic regression analysis of LVH, increased RWT and impaired LVD function according to alcohol intake is presented in Table 3 . When non-drinker group was set as a reference, the unadjusted ORs of LVH, increased RWT, and impaired LVD function showed a U-shaped pattern of relationship with alcohol consumption. The adjusted mean value of LV parameters related with diastolic function and structure was shown in Supplementary data online, Table S1 . In LVD functional parameters such as septal e 0 velocity, E/e 0 and E/A ratio, heavy and very heavy drinker group generally had the more unfavourable adjusted mean value than occasional and light drinker group in all participants and male subgroup. This association was similarly observed between structural parameters and alcohol intake. The adjusted mean values of LV mass, LVMI and RWT were higher in heavy and very heavy drinker group than occasional and light drinker group. When alcohol intake was divided by five groups merging nondrinker and occasional drinker as a reference, the multiple logistic regression analysis of LVH, increased RWT, and impaired LVD function was presented in Supplementary data online, Table S2 . Despite unmaintained statistical significance in some groups, the adjusted ORs for LVH and increased RWT generally formed a U-shaped relationship with alcohol intake. Dose dependent relationship was observed between the adjusted ORs for impaired LVD function and alcohol intake.
Discussion
In apparently healthy general Korean population, we investigated the association between alcohol consumption and subclinical LV abnormality.
In the present study, alcohol consumption more than heavy drinking was generally adverse to LV structure and function. The adjusted ORs for LVH and increased RWT were highest in very heavy drinker across all groups, and despite exceptional findings in some groups, heavy drinker also had the comparatively increased ORs. These findings indicate the potential adverse effect of very heavy alcohol drinking (>60 g/day) on LV structure, which is consistent with the findings of previous studies. Excessive alcohol intake was reported to be associated with risk for severe heart disease including ACM and coronary heart disease. [1] [2] [3] [4] Moreover, chronic alcoholism is known to be potentially hazardous to subclinical LV change as well as overt heart disease. Previous observational studies reported that long excessive alcohol drinking was significantly associated with subclinical LV deterioration in LV size, mass, and function. [22] [23] [24] [25] [26] In particular, LV dilation and impaired LVD function occurred even in asymptomatic chronic alcoholics with preserved ejection fraction. 22 Our study also demonstrated the dose dependent relationship between alcohol consumption and ORs for impaired LVD function in apparently healthy general population. Although statistical significance was maintained more than moderate drinker group (> _15g/day), our finding suggests the adverse influence of alcohol drinking > _1g/day on LVD function. However, unlike the influence of alcohol intake on LVD function, we couldn't see any specific pattern of relationship between alcohol intake and LV structural abnormality. Additionally, besides very heavy drinker, other groups including moderate drinker and heavy drinker didn't have the significantly higher ORs for LVH and increased RWT than non-drinker group. As a reason for these findings, clinical characteristics of our study participants can be considered. In the present study, the mean age of the study participants was 40.4 ± 8.9 years, which suggests that our study participants were relatively young adults. Thus, it might not be common that these young adults had LVD dysfunction and LV structural abnormality concurrently. Previous study supports the hypothesis that LV functional and structural abnormalities develop gradually with the dissociation of onset time. In a longitudinal observation of 5-years' follow-up, Aeschbacher et al. 27 demonstrated that initially young, lean, and normotensive male offspring of hypertensive parents developed echocardiographic signs of diastolic dysfunction without significant increase in LV mass. Their study suggests that alteration in LVD function precedes the LV structural change. Thus, in the relatively young adults, it was likely that LVD dysfunction developed solely without LV structural abnormality at the time of analysis. Actually, the proportion of LVD dysfunction was substantially higher than that of LV structural abnormalities such as LVH and increased RWT, which might be a reason for attenuated relationship between alcohol consumption and LV structural abnormalities in our study.
In the present study, alcohol consumption was proportionally associated with physical activity as well as unfavourable metabolic profiles such as total cholesterol, triglyceride, BP, BMI, waist There has been ongoing debate on the favourable influence of alcohol consumption on heart. Yousaf et al. 30 reported that the risk of moderate systolic dysfunction (LVEF < _40%) was lowest in light drinkers less than 1 drink/day. Additionally, several observational studies showed that light to moderate alcohol consumption was associated with the lower risk of CV disease and mortality. [7] [8] [9] [10] However, other studies demonstrated the dose dependent relationship between alcohol consumption and LV mass. 31, 32 In the present study, unadjusted ORs for increased RWT, LVH, and impaired LVD function formed U-shaped relationship with alcohol consumption. This finding suggests a potential favourable influence of occasional and light drinking on heart. However, after adjustment for multiple covariates, this pattern of relationship disappeared with attenuated statistical significance. Previous studies also indicated that the reported favourable effects of alcohol were due to systemic error, insufficient sample size, statistical mistake, and inappropriate selection of adjusting covariates. 12, 13 Moreover, dose dependent relationship was found between alcohol consumption and LVD dysfunction, which supports the unfavourable effect of alcohol on LVD function. Thus, there was no evidence indicating the potential favourable effect of light alcohol intake on heart in this study. Nonetheless, U-shaped relationship was clearly observed between alcohol consumption and some variables, which warrants the necessity of further study using stratified analysis or other statistical methods to clarify the influence of alcohol consumption on heart. A merit of this study is the substantial number of study participants with identifiable medical records including the clinical characteristics and echocardiographic parameters. This merit enables us to quantify the association between alcohol consumption and subclinical LV change with minimizing the influence of other metabolic covariates. Moreover, to the best of our knowledge, there was scarce information about the association between alcohol consumption and subclinical LV functional and structural abnormality in Asian.
Nonetheless, several weakness of this study should be acknowledged.
First, we used routine clinical data obtained from a cohort comprising of only Korean adults. Thus, our findings can be represented differently in other ethnic groups because drinking habit and disease susceptibility can be diverse according to ethnic groups.
Second, despite large sample size, there was possibility of the selection bias because most study participants were apparently healthy general Korean population receiving medical health check-up. This selection bias might contribute to underestimate the adverse effect of alcohol intake.
Third, since our study participants received echocardiography as an item of medical health check-up, several echocardiographic parameters such as lateral e' velocity, isovolumic relaxation time, and LA volume could not be evaluated. The absence of these parameters might disturb the correct evaluation of LV diastolic function.
In conclusion, our study indicates that increased alcohol consumption is significantly associated with the elevated likelihood for LV functional and structural abnormality. Additionally, favourable effect of light alcohol drinking on heart was not observed in this study. These findings support the previous reports that any amount of alcohol intake is not helpful to heart. Thus, prospective studies are necessary to evaluate the long-term effect of alcohol intake on LV function and structure.
